Thrombin contraction of vascular smooth muscle: implications for vasospasm.
Thrombin contributes to hemostasis by activating platelets, the formation of fibrin, and contraction of the injured vessel. These effects are mediated through the proteolytic activity of thrombin. We hypothesized that thrombin may have a role in vasospasm after arterial injury and examined the physiologic and cellular signaling events of thrombin in intact vascular smooth muscles. Thrombin stimulation of strips of bovine carotid artery smooth muscle led to contractions which relaxed with the addition of the nitric oxide donor, sodium nitroprusside. However, washout of the thrombin and SNP resulted in the re-generation of force. This was not observed with other agonists such as endothelin, thromboxane analogues, or serotonin. Using two-dimensional immunoblotting we demonstrate that thrombin stimulation leads to increases in the tyrosine phosphorylation of 4 proteins, three different isoforms of P44 mitogen activated protein kinase (MAPK) and one isoform of P38 stress activated protein kinase (SAPK). Activation of P38 SAPK leads to activation of MAPKAP kinase-2 and a major substrate protein of MAPKAP kinase-2 is the small heat shock protein, HSP27. HSP27 has been implicated in mediating smooth muscle contraction. These data suggest that in the setting of arterial injury, thrombin-induced contraction may supercede over short acting vasorelaxants such as NO resulting in vasospasm. In addition to stress, physiologic substances such as thrombin, activate SAPKs leading to increases in the phosphorylation of HSP27. Thus, thrombin may play a central role in hemostasis after vascular injury and in the pathologic responses to plaque rupture and thrombosis in atherosclerosis.